Abstract. Process design artifacts (e.g., process models, textual process descriptions and simulations) are increasingly used to provide input for requirements elicitation and to facilitate the design of business processes. To support the understandability of process models and make them accessible for end-users with different backgrounds, several hybrid representations combining different design artifacts have been proposed in the literature. This paper investigates the understandability of DCR-HR, a new hybrid process design artifact based on DCR graphs. Using eye-tracking and think-aloud techniques, this paper explores the benefits and challenges associated with the use of different design artifacts and investigates the way end-users engage with them. The results motivate the use of DCR-HR and provide insights about the support it provides to end-users with different backgrounds.
Introduction
In the development of today's Process-Aware Information Systems (PAIS), process design artifacts (shortly process artifacts) play a central role both in the enactment and the management of business processes. Besides providing a blueprint for process execution and enabling simulation and model checking, process artifacts provide input for requirements elicitation and allow a shared understanding of the business process [6] [p. [66] [67] . Depending on the target audience and the nature of the task to be fulfilled, different process artifacts (e.g., process models, textual process descriptions and interactive simulations) can be more or less beneficial [18] . The background of the process stakeholders (i.e., domain experts and IT specialists) influences the degree of formality required 1 to describe the business process specifications. Domain experts often lack the skills to derive knowledge from formal process models; thus, they tend to rely on informal process artifacts to describe and communicate their knowledge of the domain. Conversely, IT specialists are more familiar with formal representations; thus they tend to use process models to derive a fine-grained understanding of the business process [13] . As the development of PAIS involves the collaboration of both process stakeholders, the deployment of a single type of process artifact is usually not sufficient to support knowledge transfer and provide an overarching understanding. Moreover, a process artifact can be used in several contexts to fulfill different tasks. For instance, it can be used (a) to check the constraints governing the execution of the business process activities, (b) to extract contextual information about the business process (c) to determine the behavior of a specific process execution based on the case history. Depending on the task, one artifact might be better suited than the others. In addition, the use of a single language to describe the business process can negatively impact its understandability. This is clearly the case with declarative languages, which despite their enhanced flexibility (compared to imperative languages), they are still controversial in terms of understandability especially with regards to novice end-users [7] . This, in turn, suggests the need to support declarative process models with other representations in different languages to improve their understandability.
In order to overcome the limitations of single process artifacts, a set of hybrid process artifacts have been proposed in the literature (e.g., [4, 5, 10, 14, 15, 20] ). These approaches combine different types of process artifacts and claim an enhanced user understanding of the process model. However, none of these approaches has explored the reading patterns of stakeholders with different backgrounds when dealing with all the previously mentioned tasks. This work reports the results of an exploratory study investigating the understandability of a hybrid process artifact (called "DCR Hybrid Representation" or DCR-HR shortly) combining a declarative DCR (Dynamic Conditional Response) graph model [8] with textual annotations depicting the law and an interactive simulation. The study investigates the usefulness of hybrid process artifacts by (a) identifying the benefits and challenges associated with each of the DCR-HR artifacts, (b) observing the way end-users with different backgrounds engage with the different artifacts proposed by DCR-HR, and (c) exploring the way the different DCR-HR artifacts can be used to fulfill different tasks. To support the findings, this work deploys a novel approach to investigate the reading patterns of end-users and uses concepts from grounded theory [3] to extract subjective insights from the participants who took part in the study.
The remaining of this paper is structured as follows. Section 2 provides an overview of hybrid process artifacts and describes the related work. Section 3 presents the research method followed to plan and conduct the exploratory study. Section 4 reports the results of the analysis. Section 5 discusses the analyzed findings and highlights the circumstances when the use of a hybrid process artifact can be beneficial. Finally, Section 6 wraps up the main findings of the study and highlights the directions for future work.
Background and Related Work
Hybrid process representations have been introduced in the literature to designate (a) hybrid languages or (b) hybrid process artifacts. Hybrid languages (e.g., [17] ) combine existing languages in order to enable a concise and precise representation of business processes. Hybrid process artifacts, in turn, combine two or more process artifacts overlapping in the description of some business process aspects. DCR-HR is a hybrid process artifact combining two static process artifacts (i.e., a declarative process model and a textual description of the process) with an interactive process artifact (i.e., an interactive simulation showing the possible outcomes depending on the user input). DCR-HR (cf. Fig. 1 ) aims at improving the understandability of DCR process models and helping end-users with different backgrounds to make sense of law's digitized models [1, 2] .
The literature proposes similar hybrid process artifacts. These representations can be categorized into the following sets: (a) process artifacts combining a process model with textual process descriptions and (b) process artifacts combining a process model with an interactive simulation. In the former set, several approaches (e.g., [10, 14] ) combining an imperative process model in BPMN (Business Process Modeling Notation) 5 with business rules described textually have emerged. These approaches have been evaluated in [15] where the authors have investigated the effect of using linked rules (i.e., a type of business rules) on the understandability of process models. The findings of the study show that the combination of BPMN and business rules is associated with higher performance and reduced mental effort. Similarly in [4] , the authors evaluated the understandability of a hybrid process artifact combining a declarative process model and a textual artifact revealing the hidden dependencies in the model. The results demonstrate a lower response time and reduced mental effort when using the proposed hybrid representation. In the latter set, two approaches combining a process model with an interactive simulation (i.e., [5, 20] ) have been proposed. The former approach combines a declare process model with test cases to support the maintainability and modeling of process models. This approach was evaluated in [18] where the authors have analyzed the verbal data transcribed from a set of modeling sessions. The results show that the proposed process artifact helped to increase the perceived model quality. The latter approach (i.e., [5] ) proposes a hybrid process artifact combining a process model in DCR with an interactive simulation. A similar representation is used as a basis to derive the hybrid process artifact scrutinized in this work.
The evaluation presented in this work differs from the existing ones in different aspects. In term of experimental subjects (cf. Section 3), unlike the existing evaluations which have mainly covered university students, this study recruits participants with different backgrounds (i.e municipality case-workers and people from academia), which in turn allows evaluating the usefulness of DCR-HR in a wider scope. In term of experimental material (cf. Section 3), while the existing evaluations have usually used made-up process descriptions or domain- free process models (where activities are labeled with single characters e.g., A, B . . . ), this work deploys digitized models of the law meant to be used by caseworkers to handle citizens' requests. In addition, the experimental tasks used in the proposed evaluation are crafted to cover different contexts (i.e., checking constraints, checking contextual information or determining the behavior of a process instance based on a given case history, cf. Section 3). In term of analysis approach (cf. Section 3), this work extends the findings of the existing evaluations by investigating the reading patterns obtained from the eye-tracking gaze recordings and triangulating them with subjective insights obtained from thinkaloud sessions. Hence, the proposed approach provides novel insights into the usefulness of hybrid process artifacts.
Research Method
This section presents the research method deployed to plan and conduct this exploratory study. The following paragraphs introduce the research questions addressed in this work, highlight the key design aspects and provide insights about the measurements used during the analysis.
Research Questions This work considers three types of process artifacts (i.e., process models, textual process descriptions, and interactive simulations) which are commonly used to represent business processes. In order to support end-users when dealing with business process representations, it is necessary to understand the benefits and challenges associated with their use. The first research question is formulated as follows: RQ1: What are the benefits and challenges associated with each of the artifacts proposed by DCR-HR?
Process artifacts are used by domain experts and IT specialists. The two groups have different backgrounds which raise the question of whether the disparity of backgrounds is reflected in the way they use the different artifacts. The second research question is formulated as follows: RQ2: How do end-users engage with the different DCR-HR artifacts?
Finally, as process artifacts can be used to fulfill different tasks, it is also essential to investigate whether a single process artifact or a specific combination of process artifacts can provide global support in solving different types of tasks. The third research question is formulated as follows: RQ3: How are the different DCR-HR artifacts used to fulfill different task types?)
Participants To investigate the above research questions, an exploratory study is conducted. In this study data is collected from 5 case-workers from Syddjurs municipality in Denmark and 10 academics (i.e., students, faculty) from the Technical University of Denmark and the IT University of Copenhagen. Caseworkers serve as proxies for domain experts. They have proficiency in reading law texts but lack knowledge in process modeling. Academics serve as proxies for IT specialists. They have knowledge in process modeling, but lack proficiency in law.
Material As part of this exploratory study, participants had to perform several model comprehension tasks. The process deployed for this study originates from Section §45 of the "Consolidation Act on Social Services" 6 . The material was provided in both English and Danish depending on the participant's preference. The designed artifacts are intended to be complementary to each other. Nevertheless, a considerable overlap exists between all of them. Following the modeling of an expert in DCR graphs, the graph captures the requirements of the law text, while the simulation represents a concrete implementation of the DCR graph. The experiment comprises a familiarization and 6 tasks. It is possible to categorize these tasks into constraint tasks, decision tasks and scenario tasks. Constraint tasks comprise questions about the relationships between pairs of activities in the process model. These questions reflect the circumstance where an end-user has to maintain a process model (e.g., update a constraint between two activities). In this context, it is necessary for the end-user to identify the specific constraint that should be changed in the model. Decision tasks comprise questions where the system is prompting the end-user to decide among several options. In that regard, the end-user should be able to identify the contextual information required to guide her/his decision-making process in order to achieve the desired outcome. Finally, scenario tasks illustrate the follow-up on customer cases. Namely, this type of tasks provide the end-user with a case history and ask her/him to determine the allowed behavior based on the given history. For each of these types, 2 tasks were designed. The experiment material can be found online at http://andaloussi.org/papers/BPMDS2019/Material.pdf.
Procedure Prior to the experiment, the participants were given a screening form to check their physical ability to participate in an eye-tracking experiment, afterward, they were given a pre-experiment questionnaire to collect their background information. At the beginning of the experiment, each participant has received an introduction to DCR-HR where the semantics of the different DCR relations have been presented and the features of the DCR platform have been demonstrated. During the eye-tracking experiment, the 6 understandability tasks were sequentially displayed. At the end, a retrospective think-aloud session [9] [p. 104-108] was held to collect insights about the use of DCR-HR.
Settings The experiment material was designed and presented in the DCR platform 7 . A view showing the presented layout in depicted in Figure 1 . Prior to each eye-tracking session, a calibration procedure was conducted to ensure a good data quality. The gaze data were collected using Tobii X3-120
8 . Fixation data [9] [p. 22]) were derived using the I-VT Algorithm [11] in Tobii Pro Studio 3.4.8. Finally, all the subjective insights provided verbally by the participants were recorded with their consent.
Analysis Approach To answer our research questions, two different types of analysis are proposed. Namely, we use concepts from grounded theory [3] to extract subjective insights from think-aloud data and process mining techniques to explore the participants' reading patterns through attention maps. The subjective insights are extracted with the support of Atlas.ti 9 . During this process, the most reoccurring aspects related to the use of the different DCR-HR artifacts are identified and then grouped into categories based on their common traits.
The attention maps are obtained from the fixation data provided by the eye-tracking software. After dividing the stimulus into three areas of interest (AOIs) [9] [p. 187-230] (each referring to a distinct DCR-HR artifact, cf. Figure 1) , a time-stamped fixation data-set comprising a set of scan-paths (i.e., distinct sequences of fixations illustrating the reading paths participants) is exported and transformed into an XES event log 10 . After identifying the direct relationships in the log [16] , a descriptive process model (referred as attention map in the context of this work) illustrating the participants' reading pattern is generated. Examples of such attention maps are shown in Figures 2 and 3 . The different AOIs are represented as activities in the attention maps, while the transitions between the different AOIs are represented as edges. In order to analyze the different reading patterns, the total fixation duration on each AOI (i.e., the sum of the duration of all fixation landing on a particular area of the stimulus [9] [p. 377-386]) and the frequency of transition between each pair of AOIs are extracted from the fixation data-set. Afterward the mean fixation duration (D) and mean transition frequency (F) are derived by dividing each measure by the number of traces (i.e., scan-paths) used to discover the attention map. These two measurements are projected respectively on activities and edges in the attention map to allow comparing the reading patterns in different attention maps.
Findings
This section reports the finding of the study answering the research questions presented in Section 3. Section 4.1 identifies the benefits and challenges associated with each of the DCR-HR artifacts. Section 4.2 investigates the way end-users with different backgrounds engage with DCR-HR. Section 4.3 scrutinizes the end-users' reading patterns when dealing with different types of tasks.
What Are the Benefits and Challenges Associated with Each of the Artifacts Proposed by DCR-HR? (RQ1)
The individual think-aloud sessions held with the participants after the experiment provide rich insights about the usability of DCR-HR as well as the support provided by the different artifacts. As explained in Section 3, think-aloud audio recordings were transcribed, then following a qualitative coding approach different labels were assigned to distinguish the different aspects emphasized by the participants during the think-aloud sessions. This section investigates the codes associated with the benefits and challenges of the DCR graph, the law text and the simulation.
The results show that the DCR graph helped several participants to get a good overview about the business process (e.g., "The model I mainly used it to identify like how the overall process works"). As each activity in the DCR graph is linked to its corresponding law fragment, the DCR graph allowed the participants to identify and navigate through the different sub-sections of the law (e.g., "You can highlight different sections of law through [the] model"). Some academics mentioned that the DCR graph helped them to understand the interplay between the different process activities (e.g., "I use the model to see [the] interaction between the four different activities"), whereas some case-workers were challenged by the semantics of the DCR relations. These challenges were inferred from their quotes during the think-aloud, as several participants were unable to identify the appropriate DCR relation specifying a certain behavior. In addition, some participants found the DCR graph very abstract and pointed out that the model was sometimes missing the details of the law text (e.g., "If you only have the model it's very abstract", "The strange thing is that many things which the law is talking about the model did not talk about").
The law text, in turn, provided the participant with details which were missing in the DCR graph (e.g., "I mean I guess it provided more details in some cases than the model", "The law text might be able to add some details that can't be in the model ", "If I didn't think that model accurately captured enough for me to answer the question then I would read the whole text instead"). The participants also mentioned that the law text supported their decision-making process when the DCR graph allows for more than one choice (e.g., "When I had to use the law text was for questions about 'should I do this' at all, for example should I give personal permission should I take the accept or should I take the reject button on an activity."). In addition, several case-workers have shown a preference for the law text as they were already familiar with reading and interpreting law paragraphs (e.g., "I mostly used the law text because that's what I'm used to looking at" 11 ). In turn, many of the academics had difficulties to understand the legal terms and the linguistic patterns used in the law text (e.g., "I think understanding this law jargon was kind of difficult", "I tried to read the law text to understand the law but it actually didn't help at all because the language that is used is pretty formal"). Therefore, some academics were avoiding referring to the law text to extract knowledge about the business process (e.g., "It is not so easy to read the law text . . . I have totally ignore it").
Finally, the interactive simulation, allowed the participants to check the viability of different process executions (e.g., "The simulation is helpful to see the possible paths", "You can actually see if you have a viable execution"). Moreover, some academics have affirmed that using the simulator helped to reduce the mental effort required to keep track of the dependencies between the different DCR relations (e.g., "It's a little much to have all the steps in your mind while you're going . . . ", "It is easier to see it simulated instead of manually analyze the model"). These comments fall in line with the previous claims about the role of interactive simulations in improving the understandability of declarative process models [19] . The analysis of the transcripts shows also that the simulation helped participants to validate the insights retrieved from the DCR graph (e.g., 
. checking if it is exactly what I thought the model is doing it's actually doing it"
). Yet, other participants have pointed out some drawbacks associated with the use of the simulation. In particular, some academics thought it was inefficient to restart the simulation all the way back at the beginning every time an undesired state is reached (e.g., "Actually this was not very convenient because you click the all way through and if you miss click, which I actually did, you need to do it again"). In addition, some academics have abstained from using the simulation because they were able to mentally simulate the process (e.g., "Primarily, I didn't use the simulator at all because I pretty much simulated in my head"). Other case-workers were not used to such an approach in their work practice and thought that the use of the simulation could be time-consuming for them (e.g., "I'm used to working under very high work pressure, so getting in and checking such things through that way is not in my habits"
11 , "You would spend too long to press and read all four options, then press again and read three new options, then press again and there will be five new options" 11 ). These insights show that each artifact has some strengths -but has also some weaknesses. Although the participants have been exposed to the three process artifacts during all the experiment trials, it can be seen that they have shown a preference for different process artifacts based on their perceived usefulness and the context in which they have been deployed. In the meantime, the participants have also reported a set of challenges they faced when interacting with these artifacts. This suggests that no single artifact can be enough to provide an 11 Quote translated from Danish 8 overarching understanding of the business process for end-users with different backgrounds, which supports the idea of combining all these artifacts into a hybrid representation to complement each other and make up for their individual weaknesses.
How do End-users Engage with the Different Artifacts Proposed by DCR-HR? (RQ2)
This section investigates the reading patterns of case-workers and academics in order to obtain more insights about their use of DCR-HR. We differentiate in our analysis between case-workers and academics because of their different backgrounds. As mentioned in Section 3, case-workers have proficiency in reading law texts, but lack knowledge in process modeling. Academics, in turn, have a background in process modeling, but lack proficiency in reading law texts. Based on their different backgrounds, we expect that case-workers and academics might use different artifacts (in line with their background) to answer the given tasks. We use attention maps and the insights obtained from think-aloud to explore this assumption. Hereby, activities represent the different artifacts and the mean dwell time measure and the corresponding proportions show the distribution of attention between the different artifacts, while the mean transition frequency and the corresponding proportions provide insights about the interactions between the different artifacts (cf. Section 3).
Figures 2a and 2b show the attention maps comparing the reading patterns of case-workers and academics when answering the given tasks. These visualizations show that both groups typically started by reading the DCR graph, which is reasonable since the DCR graph is placed in the center of the screen and occupies a large portion of it (cf. Figure 1) . Furthermore, it can be observed that academics spent substantially more time looking at the different artifacts compared to case-workers (cf. mean fixation duration D in Figures 2a and 2b) . This observation is supported by the subjective insights obtained from the transcripts. Indeed case-workers have affirmed using sometimes common sense or relating to knowledge acquired through experience when answering to some tasks (e.g., "If the recipient is unsatisfied, then, of course, you can change the decision [while the DCR graph shows clearly that such a decision cannot be reversed]" 11 ). However, academics, when asked whether they have used common sense, they all affirmed restricting themselves only to the provided artifacts.
The attention map depicted in Figure 2a indicates that case-workers have split their attention mainly between the DCR graph and the law text. This is also supported by the think-aloud data where the majority of case-workers pointed out that they did not use the simulator, but only the graph and the law text (e.g., "I have either read through the law text or the model but I have not used the simulation."
11 ). Other case-workers combined all the three artifacts when solving the given tasks. In particular, a case-worker affirmed to rely on the law text but still using the simulation as a means for validation, while another case-worker mentioned using the simulation but only twice during the experiment. These insights line up also with the proportions of transitions between the artifacts. Indeed as shown in Figure 2a , case-workers did roughly the same number of transitions between the graph and the simulation and between the graph and the law text. This suggests that case-workers have generally interacted with all the different artifacts when answering the given tasks.
When looking at the attention map of academics in Figure 2b , a different reading pattern can be observed. Indeed, the distribution of attention shows that academics gave most attention to the DCR graph and split the rest of their attention between the law text and the simulation. As mentioned in Section 4.1 academics were challenged by the legal terms and the linguistic patterns used in the law text which can be a possible explanation for the limited attention on the law text (compared to case-workers). The proportion of transitions between the different artifacts show that academics did almost twice more transitions between the graph and the simulation than between the graph and the law text. These insights show that academics have not only spent a limited time on the law text but also switched less often between the DCR graph and the law text. In addition, one can argue that the academics interacted more with the DCR graph and the simulation than with the law text, which can be justified when looking at the insights obtained from the think-aloud (e.g., "I could actually solve the questions by not looking at the law but the model and the simulator").
Overall, the attention maps (cf. Figure 2) suggest that end-users with different backgrounds use different artifacts to understand the model. Hereby, the hybrid nature of DCR-HR can provide a unified representation that can make process models accessible for end-users with different backgrounds.
How Are the Different DCR-HR Artifacts Used to Fulfill Different Task Types? (RQ3)
This section investigates the way end-users change their reading patterns when dealing with different tasks. As explained in Section 3, the participants were given different types of tasks (i.e., constraint, decision and scenario tasks) to illustrate the different contexts where process artifacts are used in real-life. On that matter, it is assumed that each task type would be efficiently accomplished using a certain combination of artifacts (cf. Section 3). To explore this idea, attention maps are used to scrutinize the attention distribution and transition patterns of the participants. Figures 3a, 3b and 3c depicts the attention maps associated with the reading patterns of participants solving constraint, decision and scenario tasks respectively. These visualizations reveal a different reading pattern for each type of task. Figure 3a shows that in constraint tasks (i.e., questions about the relationships between pairs of activities in the process model, cf. Section 3), the participants gave most attention to the DCR graph, and split the rest of their attention between the simulation and the law text. This pattern can be explained by the nature of constraint tasks and the subjective insights obtained from the think-aloud. In fact, several participants highlighted the ability of the DCR graph to show the interplay between the different process activities (cf. Section 4.1). However, the think-aloud shows also that some other participants were challenged by the semantics of the DCR relations and were constantly using the simulation to clarify the implications of the different relations on the model behavior (e.g., "The simulator, I used when I was in doubt because, the different arrows I wasn't always sure what they did, so then I rendered simulator . . . then you could actually know for sure if you could do this after this or not"). These subjective insights can be also seen from the high number of transitions between the DCR graph and the simulation. Indeed, the participants did twice more transitions between these two artifacts compared to between the graph and the law text.
When looking at decision questions (i.e., questions about contextual information intended to guide the decision-making process of the end-user, cf. Section 3) a different reading pattern can be observed (cf. Figure 3b) . Indeed, the participants split their attention mainly between the DCR graph and the law text. This pattern suggests that, when asked to choose among several options (cf. Section 3), participants have referred to the law text to support their decisionmaking process. Nevertheless, as mentioned in Section 4.1, the DCR graph was also used by the participants to navigate between the different law fragments. This subjective insight explains also the high number of transitions between the graph and the law text in decision tasks.
The reading pattern in scenario tasks (i.e., questions about the allowed model behavior based on a given history, cf. Section 3) differ from both constraint and decision tasks (cf. Figure 3c) . First, it is clear that the participants spent relatively less time on the law text while switching their attention mainly between the DCR graph and the simulation. This observation is inferred from both the distribution of attention between the different artifacts and the transition patterns. Hereby, one can argue that the participants have mainly combined the DCR graph and the simulation to answer scenario tasks. This assumption is supported by the think-aloud data where participants affirmed combining the DCR graph and the simulation when given questions comprising a sequence of activities and being asked to determine the model behavior from the set of next enabled activities (e.g., "When the question is in a scenario then I use the simulator, because it's easy to see what happens after").
The reading patterns in constraint, decision and scenario tasks share one common trait that is the limited number of transitions between the law text and the simulation. The think-aloud data support this trait as the participants could not see any circumstance where the combination of law text and simulation is beneficial (e.g., "Simulation and law text doesn't go well together because that if you can actually solve it with the simulator, you don't need the law text").
Overall, the insights provided by the attention maps show that the participants combined different artifacts when answering different tasks, which was manifested in the different reading patterns depicted in Figure 3 . On those grounds, we suggest that different type of tasks require combining different artifacts. Therefore, the deployment of hybrid process artifacts such as DCR-HR can support end-users when dealing with different tasks in a situation-specific manner.
Discussion
The disparity of the participants' background and the diversity of the given tasks provide important insights about the understandability of DCR-HR. The analysis of the transcripts revealed that each artifact is associated with a set of benefits and challenges. As presented in Section 4.1, the DCR graph allowed the participants to familiarize with the process scope and provided insights about the constraints governing the execution of the different process activities. Yet, some participants were challenged by the semantics of the different DCR relations. The interactive simulation proposed as part of DCR-HR can help to complement the understanding of the DCR graph by allowing end-users to offload their memory and gradually track the dependencies between the different constraints.
Nonetheless, its usage was still inefficient and time consuming for some participants. The law text, in turn, was used to complement the information of the DCR graph and provided support in the participants' decision-making process. However, most academics were challenged by reading the law. These insights suggest that a single artifact may not be capable of providing a clear and overarching understanding of the business process. Alternatively, the deployment of a hybrid representation (e.g., DCR-HR) can help to make up for the weakness of individual artifacts. This idea is also supported by the dual coding theory [12] which motivates the combination of graphical and textual artifacts to covey information more effectively.
The reading patterns explored in Section 4.2 come to support the subjective insights provided by the participants. Indeed, case-workers and academics showed different reading patterns when interacting with DCR-HR. Although the majority of case-workers relied on the law text to answer the given tasks, they have additionally been guided by the DCR activities and some of them used the simulation. Academics, in turn, were highly challenged by the law and interacted mainly with the DCR graph and the simulation. This difference of reading patterns can be associated with the disparity of the background of caseworkers and academics, which also reflects the circumstance where both domain experts (represented by case-workers) and IT specialists (represented by academics) are challenged when being exposed to unfamiliar process artifacts [13] . The deployment of a hybrid process artifact (e.g., DCR graph) in turn, will help to overcome this issue by providing a hybrid representation that is understandable to both stakeholders. Moreover, several authors in the literature have linked the understandability of the business process with the effectiveness of communication between the different stakeholders [6] [p. 104-108] and [7, 13] . As a good understanding of the process would help to clarify the terms and relationships in the domain and prevent miss-interpretations of the process, the deployment of a hybrid process artifact is also expected to foster the communication during the development of PAIS.
The differentiation between different tasks has been clearly reflected in the end-users' reading patterns. The attention maps and the think-aloud output analyzed in Section 4.3 show that the participants have adapted their reading pattern in line with the different task types they have been given. Indeed, the participants gave most attention to the DCR graph in constraint tasks and used the support of the simulation to clarify the information extracted from the DCR graph, whereas in decision tasks the participants have switched their attention to the law text and used the DCR graph as a navigation tool to identify the law fragment in question. In scenario tasks, the participants have combined the simulation and the DCR graph to infer the model behavior at different stages of execution. These indications raise another aspect to be taken into consideration when offering tool support to end-users. Indeed besides the disparity of stakeholders' backgrounds, different types of tasks may require the use of different combination of artifacts.
The outcome of this study is twofold. On the one hand, it motives the deployment of hybrid process artifacts and emphasizes the importance of enriching process models with textual artifacts and tool supports (e.g., interactive simulations). On the other hand, as the majority of hybrid process artifacts proposed in the literature combine either a textual artifact or an interactive simulation with a process model (cf. Section 2), this work gives empirical insights allowing to enhance the support offered by existing approaches. In this context, we encourage customizing the tool support based on the background of end-users and the nature of the tasks at hand. This support can, for instance, be implemented by learning from the end-users' behavior and context of use in order to bring the artifact with the most value to their attention, while at the same time ensuring that the end-users can freely switch between the different artifacts.
Finally, it has to be noted that the outcome of this study is subject to limitations with regards to the limited number of participants and the exploratory nature of the study. In this sense, it is difficult to generalize the reported findings. Nevertheless, the results provide good insights about the understandability of DCR-HR and can serve a basis for the upcoming studies.
Conclusion and Future Work
This work summarizes the findings of an exploratory study investigating the understandability of DCR-HR. The results of the analysis suggest that (a) no single artifact is capable of providing a clear understanding of the process, (b) participants with different backgrounds use different combinations of artifacts, (c) different task types require combining different artifacts. All these findings motivate the use of DCR-HR and support its ability to help end-users with different backgrounds to perform different types of tasks.
As future work, we consider the following: (1) First and foremost, we are planning to conduct a follow-up study to further investigate and validate the insights reported in this work. Following a controlled experimental design, we will deploy a control group and treatment group to compare the understandability of process models with and without the support of a hybrid representation. (2) Secondly, we are planning to link the understandability of DCR-HR with the performance of the participants. To this end, the performance of the control and treatment groups will be analyzed and compared when dealing with different types of tasks. (3) Finally, with the availability of more data, we are planning to explore the machine learning capabilities to predict end-users' performance based on the gathered behavioral features. This, in turn, will empower end-users by adapting at run-time the support provided by DCR-HR.
